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1 These "complex" DNA lesions are difficult for a cell to repair and are associated with an increase in cell killing, chromosomal aberrations, and carcinogenesis compared to "simple" DNA lesions produced by low LET radiation. An important and mostly unresolved question is how a cell repairs complex DSBs. DSBs are primarily repaired by either the non-homologous end-joining (NHEJ) or homologous recombination (HR) pathway. 2 NHEJ mediates the direct re-ligation of the broken DNA molecule and is not restricted to a cell cycle phase. HR utilizes a homologous stretch of DNA to guide repair of the broken DNA strand and is believed to be primarily active during the S and G2 phases of the cell cycle. A back-up DSB repair pathway termed microhomologymediated end-joining (MMEJ) utilizes microhomologies distant from the DSB to mediate the repair of a DSB. In the 13(16) issue of Cell Cycle, Averbeck et al. continued their studies on the cellular response to complex DNA lesions with emphasis on the response in G1 phase of the cell cycle. 3 Previous data suggests that NHEJ may not mediate the repair of DSBs induced by high LET in G2. 4 To test if this is also the case also in G1, the authors induced DNA damage with X-rays or heavy ions with increasing ionization density (high LET) to produce simple or complex DNA damages, respectively. Utilizing a marker to differentiate G1 and S/G2 cells, it was found that DSB resection, as monitored by RPA focus formation, occurs in G1 phase only after treatment with high LET. As LET was increased, so did RPA focus formation in G1 and S/G2 cells. Neither, the histone H2AX nor the NHEJ factor Ku was found to play a role in controlling the resection of complex DSBs in G1, suggesting resection is specifically required for the repair of complex DSBs. Next, the authors determined which DNA end resection machinery was responsible for resection of complex DSBs in G1. Utilizing siRNAs to knock-down expression of CtIP, Mre11, and Exo1 individually, pairwise, or all together, it was found that protein depletion in all combinations results in a significant decrease in resection of high LET-induced DSBs in G1 and S/G2. Surprisingly, reduction in RPA focus formation was similar in all siRNA mediated knock-down conditions in G1, suggesting that these factors are epistatic in regards to resection of complex DNA damage. RPA focus formation represents RPA loading onto stretches of ssDNA created by the resection machinery. The DNA damage responsive protein kinase ATR is recruited to the DNA damage by interacting with the RPA coated ssDNA via its regulatory subunit ATRIP. 5 The authors found ATR was recruited to DSBs induced by high LET treatment and this recruitment was significantly decreased in the absence of Exo1.
Finally, Averbeck et al tested the relevance of resection of complex DSBs for their repair in G1 and G2 via measuring the repair kinetics utilizing the DSB marker gH2AX. Knock-down of CtIP resulted in impairment of repair of carbon ion-induced complex DSBs in G1 and G2, but not DSBs induced by X-rays. Next, clonogenic survival assays were performed in wildtype cells or those with CtIP depleted after exposure to different radiation qualities. A decrease in DSB resection resulted in lower cell survival. Collectively, the data suggest that resection of complex DNA damages is Figure 1 . DNA end resection is required for repair of complex DSBs. Low LET irradiation generates simple DSBs, which are repaired by NHEJ in G1 and by NHEJ or HR in S/G2. High LET irradiation generates complex DSBs. Complex DSBs are resected in all cell cycle phases by Exo1/CtIP/Mre11 to generate stretches of ssDNA that are bound by RPA. It is still unknown which DSB repair pathway repairs complex DSBs in G1. required for their repair and thus cell survival. High LET treatment has previously been shown to inhibit NHEJ via the creation of small DNA fragments. 6 The authors' data suggest that NHEJ is inhibited following treatment with high LET irradiation in all cell cycle phases and for a cell to repair complex DSBs it must utilize other repair pathways even in G1 when NHEJ is typically the preferred DSB repair pathway (Fig. 1) . HR requires resection to initiate DSB repair, but the authors found that HR cannot repair complex DSBs in G1. As MMEJ also likely requires resection, it will be of interest if this pathway or another subpathway repairs complex DSBs in G1.
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